This PDF file includes:  section A. Structure information for κ-(BEDT-TTF)2Cu[N(CN)2]Cl  section B. Measurements of relative length changes performed as a function of temperature at constant pressure  section C. Phase transition and Widom line from thermodynamic versus conductivity measurements  section D. Effects of x-ray irradiation on the first-order Mott transition  section E. Measurements of relative length changes performed as a function of pressure at constant temperature  section F. Theory of critical elasticity for the solid-solid endpoint in κ-Cl  section G. Disorder affected broadening of the signatures below Tc  section H. Quantitative modeling of relative length changes along the a axis as a function of pressure around the critical endpoint  section I. Independent estimate of critical exponents  section J. Effect of a small uniaxial pressure exerted by the dilatometer cell  fig. S1. Uniaxial coefficients of thermal expansion.  fig. S2. Phase transition and Widom line from thermodynamic versus conductivity measurements.  fig. S3. Effects of x-ray irradiation on the first-order Mott transition.  fig. S4. Uniaxial compressibilities.  fig. S5. Effect of higher-order couplings.  fig. S6. Schematic representation of the domain formation in κ-Cl.  fig. S7. Modeling of the relative length changes along the a axis.  fig. S8. Variation of the fit parameter Ai as a function of temperature.
constant pressure
In ig. S1 we show the coefficient of thermal expansion, α(T ) = L −1 dL/dT , measured along the in-plane a-(A) and c-(C) axis as well as along the out-of-plane b-(B) axis at varying constant pressure. The data were determined from the experimentally revealed ΔL i (T )/L i data, with ΔL(T ) = L(T )−L(T 0 ) and T 0 a reference temperature, by numerical differentiation with respect to temperature. For that purpose the ΔL i (T )/L i data were divided into equidistant intervals of width ΔT = 0.2 K, in each of which the mean slope was determined from a linear regression. Pronounced effects associated with the Mott transition are observed along the a-(A) and b-axis (B), whereas only tiny features are visible along the c-axis (C). A very similar anisotropy, with an almost null effect along the c-axis, was previously observed on a related material (57) the position of which on the pressure axis is shifted by about 5 MPa from the critical endpoint towards higher pressure. The observation of a sharp increase in the derivative with the tendency to diverge is visible only for P < 23.7 MPa. This behavior signals that the length changes involve discontinuous behavior and are assigned to the first-order character of the transition at P < P c . The position of the maximum in α(T ) is used here to determine the temperature of the first-order phase transition. As shown in Fig. 3 , this phase transition line is in very good agreement with the one obtained from pressure-dependent measurements.
For pressures P ≥ 23.7 MPa this singular behavior in the coefficient of thermal expansion is absent and a rather smooth crossover behavior is observed. The maximum in α(T ) at T max (P ) for P > P c marks the position of a crossover line which emerges from the critical endpoint (T c , P c ) and is shown in Fig. 3 fig. S1. Uniaxial coefficients of thermal expansion.
In fig. S2 we compare, in the temperature-pressure phase diagram, the position of the first-order Mott transition (filled symbols) and κ-(BEDT-TTF) 2 Cu[N(CN) 2 ]Cl derived from the present work with results from conductivity measurements reported in Ref.
(23). Besides a small discrepancy on the pressure axis for the first-order transition line, and in the position of the critical endpoint, both data sets compare favorably. In an attempt to assess the effect of disorder on the Mott transition and the associated lattice effects, we have studied a κ-Cl crystal which had been exposed to a 50 h x-ray irradiation procedure according to the protocol described in Ref. (29) . As discussed there, the main effect of x-ray irradiation is to break C-N bonds within the polymeric anion of the material, thereby generating random disorder. In ig. S3 we show results taken at T = 30 K of the singular part of the anomaly ΔL(P )/L obtained on such a crystal (# 063-3) along the b-axis (black line) obtained after slowly cooling (−3 K/h) through the region T g ≈ 67 K of the glass transition.
These data are compared with the results at the same temperature on the non-irradiated crystal (# 063-1) (cf. Fig. 4 ) studied in detail in this work. We find a slight reduction of the size of the discontinuity for the irradiated crystal accompanied by a shift of the first-order transition to lower pressures. Black line shows results for the non-irradiated crystal studied in detail in this work (cf. Fig. 2) whereas the red line corresponds to data obtained on a crystal which was exposed to -ray for 50 h. is assigned to a broadening effect as a result of disorder. On the other hand, for T ≥ 37 K, the width continuously grows in a rapid manner with increasing temperature. This broadening, which for T ≥ 38 K is already distinctly wider than for T = 36 K, is attributed to criticality.
The on-and offset-pressures at which the derivative reaches half the value of the maximum are used in the phase diagram ( Fig. 3 ) to define the positions of two crossover lines (broken red and blue lines). 
κ-Cl
Following the argumentation of Ref. (17), we interpret our data in terms of an effective elasticity theory that is renormalized by the electronic degrees of freedom and driven to an isostructural solid-solid endpoint. The system κ-Cl possesses an orthorhombic crystal structure whose stability requires six non-degenerate, positive eigenvalues λ α > 0 with α = 1, .., 6 of the elastic constant matrix C ρν in Voigt notation. There are three eigenvalues, λ 4 = C 44 , λ 5 = C 55 , and λ 6 = C 66 , whose eigenvectors are associated with shear strain. The normalized eigenvectors v α describing compressive strain are determined by the eigenvalue equation ⎛
with the non-degenerate eigenvalues λ α with α = 1, 2, 3. At the isostructural solid-solid endpoint one of these latter eigenvalues vanishes. In the following, we denote this critical eigenvalue by λ 1 with eigenvector v 1 . Importantly, at such a macroscopic isostructural instability the eigenvalues of the dynamical matrix that determine the phonon velocities all remain finite due to the shear modules. As a result, the solid-solid endpoint is described by true mean-field criticality without critical fluctuations (17).
The vector of diagonal components of the strain tensor (ε 11 , ε 22 , ε 33 ) can be decomposed
The order parameter of the isostructural transition, i.e., the critical singlet is then identified with ε 1 , as it is associated with the vanishing eigenvalue λ 1 . The length changes along the section F. Theory of critical elasticity for the solid-solid endpoint in crystallographic axes are related to the singlets
where
The sensitivity of the relative length changes ΔL i /L i with i = a, b, c along the respective axes with respect to the critical singlet ε 1 is thus governed by the components of the critical eigenvector v 1 . Experimentally it is observed that the length change ΔL c /L c along the c-axis is practically unaffected by the Mott transition (see fig. S1 ), which we attribute to a small third component v 1,3 of the critical eigenvector.
The diagonal components of the stress tensor σ ij can be also decomposed into singlets ⎛
For a hydrostatic pressure P the stress tensor normalized with respect to the temperature dependent function P c (T ) defined in the main text is given by σ ij = −(P − P c (T ))δ ij . Using the orthogonality of the eigenvectors v α the stress singlets are then given in dimensionful form by the scalar product σ α = −(P − P c (T )) (1, 1, 1) · v α .
If we assume that the non-critical singlets obey Hooke's law, we have
for α = 2, 3. The non-critical background compressibilities κ 0 i of eq. (1) in the main text with i = a, b, c or equivalently i = 1, 2, 3 are then identified with
The critical singlet ε 1 , on the other hand, is expected to be governed by the critical mean-field potentialṼ
where the eigenvalue λ 1 = c(T − T c ), with proportionality constant c, vanishes at the critical endpoint and the constantũ measures the strength of the non-linearity of the strain potential.
The expectation value of the strain singlet ε 1 minimizes the potential via λ 1 ε 1 +ũε 3 1 = −σ 1 .
Introducing the dimensionless rigidity r, the dimensionless stress σ and rescaling the strain and the non-linearity
where we abbreviated a = (1, 1, 1) · v 1 , the mean-field equation adopts the form given in the main text, rε + uε 3 = −σ. The parameter A i of eq. (1) in the main text is then identified with
The solution to the mean-field equation obeys mean-field scaling
where the function Ψ obeys −1 + xΨ(x) + Ψ 3 (x) = 0. The crossover lines for temperatures above the critical endpoint are thus expected to scale with r ∼ |σ| 2/3 . Below the critical temperature the mean-field solution ε(r, σ, u) exhibits a sharp discontinuity.
In the experiment, it is observed that ΔL i (P )/L i with i = a, b shows a step-like behavior below T c but with a finite width implying the presence of another scale that we attribute to disorder. As eq. (13) relies on a single scaling variable, namely r/|σ| 2/3 , such an additional scale spoils the possibility of performing a one-parameter scaling collapse of the experimental data.
In order to account phenomenologically for the disorder broadening, we assume a multi-domain state where the strain ε(r, σ + s, u) differs from domain to domain by a long-range fluctuation s of the stress singlet. The dimensionless energy averaged over independent domains is then given by
with the dimensionless potential V(ε, σ) = r 2 ε 2 + u 4 ε 4 + σε, and we assume a Gaussian distribution of the singlet strain
with variance w. The mean strain derives from the derivative ε(r, σ, u) w ≡ − d dσ V w and, in this approximation, just amounts to the averaged mean-field solution ε (r, σ, u) 
since ∂ ε V(ε, σ + s) = 0 at ε = ε (r, σ + s, u) . The variance can be conveniently determined for large negative rigidity r, i.e., for T T c , where the mean-field strain can be approximated close to the critical pressure by the step function
The derivative of the averaged strain with respect to the stress singlet then just reflects the stress distribution ∂ ∂σ ε (r, σ, u) 
The variance w can thus be determined by fitting the derivative of the relative length changes ΔL i /L i at T T c by a Gaussian, see fig. S4 .
As there is only a single critical singlet for a solid-solid endpoint the relative length changes ΔL i /L i along the three crystallographic directions probe actually the same critical expectation value ε 1 but with different weights. This implies that measured length changes, say, along the aand b-axes can be linearly combined so that the critical contribution just cancels out
With the assumption made above that the non-critical singlet should obey Hooke's law, this combination is expected to be a linear function of pressure. In fig. S5 we show an optimized linear combination of the measured length changes ΔL a /L a and ΔL b /L b for T = 37 K by using v 1,1 /v 1,2 = 1.5 that minimizes the non-linear dependence on pressure.
Whereas this combination is much less non-linear than the individual measurements, there is still a dip-like structure close to the critical pressure. We attribute this dip to a weak cubic coupling in the effective potential between the critical and non-critical singlet of the type ε α ε 2 1 with α = 2, 3. This leads to a subleading violation of Hooke's law even for the non-critical singlets proportional to ε 2 1 which might explain the dip observed in the linear combination of for T = 37 K, as described in the text.
fig. S5. Effect of higher-order couplings.
T c
In order to account for the disorder broadening of the observed features below T c , we averaged the mean-field solution with a Gaussian stress distribution with variance w. The variance can be directly determined from the full width at half maximum of a Gaussian fit to the compressibility data κ i for i = a, b at T = 30 K, see sec. F for details. As pointed out in the main text, this analysis yields different values of w a = 1.3 · 10 −3 and w b = 4.6 · 10 −5 for the aand baxis, respectively. From the fact that the size of the disorder-affected broadening is given by w 1/2 , these values correspond to an anisotropy ratio (w a /w b ) 1/2 ≈ 5. This ratio suggests that domains contribute differently to the length changes measured along the aand b-axes. We attribute this effect to strongly anisotropic domain shapes which are elongated along the out-of-plane b-axis. Such an anisotropy is, in fact, inherent to the structure given the elongation of the BEDT-TTF molecules and their alignment along the b-direction (Fig. 1B) . By assuming a small number of defects (red trapezoids in ig. S6) randomly distributed over the lattice, every n-th lattice site is affected on average. This results in strongly anisotropic domains, the aspect ratio of which, b dom /a dom , just mirrors the spatial anisotropy in the structure of κ-Cl with b dom /a dom ≈ 4.5. In fig. S8 we show the results of the coefficients A a (A) and A b (B) derived from individual fits to the various T = const. data sets for ΔL i (P )/L i results along the a-( ig. S7) and b-axis (Fig. 4) , respectively. We find, to a very good approximation, a linear variation of Fig. 4) (B) . The solid lines represent a T -linear parametrization of the data which has been used in the fits shown in Fig. 4 (for the b-axis data) and fig. S7 (for the a-axis data) .
fig. S8. Variation of the fit parameter A
The behavior of various physical quantities close to a second-order critical endpoint can usually be described by power-laws as a function of temperature or pressure. The exponents of these power-laws are the so-called critical exponents. They are believed to be universal, i.e., independent of microscopic details of the system. The three exponents β, γ and δ are accessible by our experiment, assuming that the relative length change is proportional to the order parameter, cf. main text and the scheme in fig. S9 (
These three critical exponents are characteristic for the universality class. In In general, all of these three critical exponents can be extracted from the slope of a straight line in a double-logarithmic plot of the respective quantity with respect to either the reduced temperature T −Tc Tc or the reduced pressure P −Pc(Tc) Pc (Tc) . This in turn allows for an unequivocal section I. Independent estimate of critical exponents table S1. Set of critical exponents determination of the underlying universality class. However, as explained in detail in the main text, the influence of a small amount of disorder, as present in every real system, complicates the analysis of such plots. We will show, in the following, that despite these complications, we can identify ranges in temperature and pressure which allow for assessing the critical exponents. By proceeding this way, we are able to estimate critical exponents. These exponents are fully consistent within the experimental uncertainties with the mean-field universality class concluded in the main text.
direction the respective physical quantity has to be analyzed to extract the three different exponents β, γ and δ. fig. S9 . Scheme of the scans in the phase diagram unraveling the different critical
The arrows in the experimentally determined phase diagram indicate along which exponents.
1) Experimental estimate of δ.
In the following, we discuss the way the exponent δ can be assessed from a double-logarithmic plot of the relative length change as a function of the reduced pressure very close to the critical endpoint T = T c in the presence of disorder. Figure S10A shows the fit based on eq. (1) at T = 37 K, which includes a phenomenological approach to cover the effects of disorder, after subtracting the non-critical elastic background. Two ranges, approximately following two straight lines with different slopes in a double-logarithmic plot separated at (P − P c (T c ))/P c (T c ) ≈ 0.02, indicate the presence of two different scales which are relevant at different distances from the critical endpoint. At small distances to the critical endpoint, the observed features can be attributed to disorder, whereas somewhat further away the effects can be identified with the mean-field critical exponent δ = 3, implied in the model used in eq. (1). Figure S10B shows a corresponding plot for the experimentally determined relative length change along the b-axis at T = 37 K. Due to limitations in the maximum available pressure of 30 MPa, much more data points are available for P < P c . We therefore restrict our analysis to this pressure range. For this purpose, the non-critical elastic background was subtracted.
As apparent from the experimental data, two different regimes with two different slopes can be identified. An analysis of the data slightly away from the endpoint, where disorder effects are expected to play a minor role, yield a critical exponent δ = (3.2 ± 0.2). This value is fully consistent with the critical exponent δ for the mean-field universality class, but incompatible with all other universality classes listed in table S1. In an analogous way, the exponents β and γ can be extracted from an analysis of temperaturedependent scans, as indicated schematically in fig. S9 . The exponent β describes how the first-order jump of the length vanishes upon approaching the critical endpoint. In order to reduce the experimental uncertainties in the determination of the jump size due to the broadening, giving rise to a finite compressibility even for T < T c , we apply the following procedure: We identify the jump in the relative length by considering the ΔL b /L b between those two pressure points where the compressibility is at least as high as the compressibility at the critical endpoint. By plotting the so-derived jump sizes in a double-logarithmic representation as a function of (T c − T )/T c (fig. S11A) , we find to a good approximation a straight line with a slope β = (0.52 ± 0.07). By taking into account the error bar in the determination of T c , this exponent is also in accordance with the mean-field universality class, but at odds with the other universality classes given in table S1.
The exponent γ can be estimated by taking the maximum critical compressibility, i.e., the compressibility along the Widom-line, at temperatures above the critical endpoint, after correcting for the non-critical elastic background ( fig. S11B ). Figure S11B shows all data points available at T > T c . However, we confine the analysis to a region (T − T c )/T c > 0.15 to minimize the influence of disorder. This analysis yields a critical exponent γ = (1.0 ± 0.1), consistent with the value for the mean-field universality class. black symbols) uniaxial pressure. The multiple peak structure, revealed for the P = 21.8 MPa (A) data, is assigned to the first-order character accompanied by domain formation, i.e. small inhomogeneities, as discussed in the main text.
fig. S12. Effect of a small uniaxial pressure exerted by the dilatometer cell.
